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ABSTRACT

The action of melanin-concentrating hormone (MCH) on melanophores was

studied in 27 teleost species. MCHcaused melanosome aggregation in all teleosts

studied, including two siluroid catfish in which melanin-aggregating nerves are

known to be cholinergic. In most fish, the minimal effective concentration of MCH
was estimated to be 10~' M, while in three swellfish examined it was higher than

10~
8 M. The mode of action of the peptide was identical in either adrenergically or

cholinergically innervated melanophores. It may act through specific receptors on the

melanophore membrane. These results suggest that MCHmay be a biologically ac-

tive hormone commonto teleosts.

INTRODUCTION

Enami (1955) observed pigment aggregation in catfish (Parasilurus asotus) mela-

nophores after injecting crude extracts of the pituitary of the same species. He termed

the effective principle "melanophore-concentrating hormone" or "MCH," and fur-

ther indicated that the substance was neither a catecholamine nor an acetylcholine.

Imai ( 1 958) confirmed these results. Using the rainbow trout, Salmo gairdneri, Baker

and Ranee (1983) reported that "melanin-concentrating hormone" is a peptide with

a molecular weight of less than 2000, and that most of its bioactivity occurs in the

hypothalamus, favoring the hypothalamic origin of the hormone theory, which had

originally been surmised by Enami (1955). Using immunohistochemical electron mi-

croscopy, the results of Naito et al. (1985) supported these findings.

Meanwhile, Kawauchi and his colleagues (1983) determined the primary struc-

ture of MCHpeptide purified from chum salmon (Oncorhynchus keta) pituitary. Un-
related to any known hormonal peptide, it was found to be a novel hormone, consist-

ing of 1 7 amino acids and a sulfhydryl link. Subsequently, the same molecular species

of MCHwas synthesized and its action to aggregate melanosomes (melanin-bearing

dark organelles within melanophores) was confirmed in a few teleosts by Wilkes et

al. ( 1 984). The mechanism of MCHaction now has been studied in detail in blue

damselfish (Chrysiptera cyaned) melanophores (Oshima et al., 1985).

Pigment aggregation in chromatophores is controlled primarily by sympathetic

postganglionic fibers and peripheral transmission is adrenergic in many teleosts

(Fujii, 1961; Fujii and Miyashita, 1975; cf. review by Fujii and Oshima, 1986). Re-

cently, however, unusual melanophores have been reported in some species of silu-

roid :atfish which receive cholinergic innervation (Fujii and Miyashita, 1976; Fujii

et al 2; Kasukawa et al., 1 986). Furthermore, melanophores which possess both

alpha ad eeptors and muscarinic cholinoceptors have been found in mailed cat-
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fish belonging to the genus Corydoras (Callichthyidae) (Kasukawa and Fujii, 1985;

Kasukawa et al, 1986). The action of the peptide on those cells as yet has not been
studied. The present paper examines comparatively the effect of the hormone on

melanophores of several teleost species in an attempt to determine whether MCHis

a general color change hormone in Teleostei.

MATERIALSANDMETHODS

The topmouth gudgeon (Pseudorasbora parva), rose bitterling (Rhodeus ocellatus

ocellatus), and the top minnow (Gambusia affinis) were collected from Lake Inba,

Chiba Prefecture. The marine catfish (Plotosus lineatus), rudder fish (Girella punc-
tata), footballer (Microcanthus strigatus), five-banded damselfish (Abudefduf vai-

giensis), dusky damsel (A. notatus), multicolorfin rainbowfish (Halichoeres poecilop-

terus), gluttonous goby (Chasmichthys gulosus), frogfish (Istiblennius enosimae), red-

fin velvetfish (Hypodytes rubripinnis), scribbled toby (Canthigaster rivulatd), and the

grass puffer (Takifugu niphobles) were collected near the Kominato Marine Biologi-
cal Laboratory, Awa, Chiba Prefecture. Juveniles of the Japanese flounder (Paralich-

thys olivaceus) were supplied by the Chiba Prefectural Seawater Fisheries Experimen-
tal Station. Other species were obtained from local retail sources. All species are enu-

merated without omission later in the Results section. Freshwater and marine
materials were maintained in freshwater and seawater aquaria, respectively. All mate-

rials were kept there for at least two days before use.

Split fin pieces from either the tail or dorsal fin of some species were prepared

according to a method described previously (Fujii, 1959). As for the eel, siluroid cat-

fish, and other scaleless species, small skin specimens from the dorsal trunk were

prepared according to the method of Fujii and Miyashita ( 1 976). In other teleosteans,

scales were excised from the dorsal trunk. In the peppered catfish, Corydoras palea-

tus, melanophores on the inner surface of an isolated scale were observed (Kasukawa
and Fujii, 1985). All the skin specimens were prepared in a physiological solution of

the following composition (mM): NaCl 1 28, KC1 2.7, CaCl 2 1 .8, MgCl 2 1 .8, D-glucose

5.6, Tris-HCl buffer 5.0 (pH 7.2).

In some experiments, nervous elements around the chromatophores were stimu-

lated chemically to liberate sympathetic pigment-aggregating transmitter (Fujii,

1 959). For this purpose, a saline solution containing 50 mMK+
in which the concen-

tration of Na+ was lowered to maintain constant tonicity was employed (Kasukawa
and Fujii, 1984).

Other procedures and experimental arrangements were essentially the same as

those described elsewhere (Fujii and Miyashita, 1975). To record the response of

melanophores photoelectrically, however, an improved method was adopted (Osh-
ima and Fujii, 1984).

The drugs used were norepinephrine hydrochloride (Sankyo, Tokyo), phentol-
amine mesylate (Ciba-Geigy, Basel), propranolol hydrochloride (Sigma Chemical,
St. Louis), acetylcholine chloride (Daiichi Seiyaku, Tokyo), atropine sulfate (Tanabe

Seiyaku, Tokyo), melatonin (Nakarai Chemical, Kyoto), and alpha melanophore-

stimulating hormone (alpha-MSH, Sigma Chemical). Synthetic salmon melanin-

concentrating hormone (MCH) was provided by Dr. Mac E. Hadley of the University
of Arizona.

All experiments were performed at a room temperature between 20 and 26C.
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TABLE I

Teleost."i employed in the present study to examine the action of MCHon melanophores, which

were all tv > >';' sensitive to thepeptide

ORDER
Zoological name Commonname

ANGUILLIFORMES
Anguillidae

CYPRINIFORMES
Cyprinidae

Cobitidae

SILURIFORMES
Siluridae

Ictaluridae

Plotosidae

Callichthyidae

CYPRINODONTIFORMES
Oryziatidae
Poecilidae

CHANNIFORMES
Channidae

PERCIFORMES
Girellidae

Scorpididae
Pomacentridae

Labridae

Gobiidae

Blenniidae

SCORPAENIFORMES
Congiopodidae

PLEURONECTIFORMES
Paralichthyidae

TETRAODONTIFORMES
Tetraodontidae

Anguilla japon ica

Pseudorasbom parva
Rhodeus ocellatus ocellatus

Brachydanio rerio

Acanthophthalmus kuhlii

Parasilurus asotus*

Kryptopterus bicirrhi*

Ictalurus punctatus
Plotosus lineatus

Corydoras paleatus
**

Oryzias latipes

Xiphophorus maculatus

Gambusia qffinis

Channa argus

Girella punctata
Microcanthus strigatus

Abudefdufvaigiensis
A. notatus

Halichoeres poecileptems

Rhinogobius brunneus

Chasmichthys gulosus
Istiblennius enosimae

Hypodytes rubripinnis

Paralichthys olivaceus

Canthigaster rivulata

Takifugu niphobles

Tetradonfluviatilis

Japanese eel

topmouth gudgeon
rose bitterling

zebra danio

coolie loach

Japanese commoncatfish

translucent glass catfish

channel catfish

marine catfish

peppered catfish

medaka

platyfish (blue variety)

top minnow

Northern snakehead

rudder fish

footballer

five-banded damselfish

dusky damsel

multicolorfin rainbowfish

common freshwater goby

gluttonous goby

frogfish

redfin velvetfish

Japanese flounder

scribbled toby

grass puffer

green puffer

*
Species in which pigment aggregation in response to nervous stimulation is mediated by muscarinic

cholinoceptors (Fujii and Miyashita, 1976; Fujnetal., 1982).
**

Species in which melanophores are under adrenergic nervous control, but which possess cholino-

ceptors of unknown significance (Kasukawa and Fujii, 1985).

RESULTS

Effects ofMCHon adrenergically innervated melanophores

effect of MCHon the melanophores of several fish species in which the pig-

ment ceils are adrenergically innervated was studied. These are listed in Table I.

Among these species, the following already have been shown to have adrenergi-

cally con! roiled melanophores: the medaka (Watanabe et al, 1962), top minnow

(Colley and Hunt, 1974), common freshwater goby (Naitoh et al., 1985), gluttonous
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FIGURE 1. Relationships of the concentration of MCHto the magnitude of the pigment-aggregating

response of melanophores of the translucent glass catfish, Kryptopterus bicirrhi (circles), the Japanese cat-

fish, Parasilurus asotus (squares), and the zebra danio, Brachydanio rerio (triangles). MCHsolutions of

various strengths were applied for 7 min. The treatment was immediately followed by a 5-min application

with 5 X 10~
5 Mnorepinephrine or 10~

5 Mmelatonin solution to bring about the full level of pigment

aggregation in zebra danio or catfish melanophores, respectively. Abscissa: molar concentration of MCH
(logarithmic scale). Ordinate: magnitude of response attained during MCHtreatment in percentage. Each

point is the mean of seven measurements on different animals. Vertical lines indicate SE.

goby (Fujii, 196 1), and the Japanese flounder (Nagai et al, 1985). These results were

confirmed in the present study. In addition, our present pharmacological tests on
other species listed above indicate that their pigment cells were likewise under the

control of the adrenergic system. The exceptional cases in which melanophores are

controlled cholinergically will be dealt with later.

In all of the aforementioned species, MCHinduced a remarkable pigment aggre-

gation in melanophores. After noting this, we made a quantitative measurement of

one species, i.e., the zebra danio, Brachydanio rerio. As shown in Figure 1, MCH
acted on the effector cells dose-dependently, and the minimal effective concentration

was estimated to be less than 10~' M.
In many other species, too, the peptide was found to be effective at concentrations

of not more than 10~
10 M. Strangely, however, the melanophores of all three tetra-

odontid species examined were found to be less sensitive to MCH: discernible re-

sponses were only observable at above 1 0~
8 M.

In melanophores of many of the above-mentioned species, the pineal hormone,

melatonin, has been shown to be very effective in arousing pigment aggregation. Even
after withdrawal of the hormone, a moderately aggregated state continued for a long

period of time, as exhibited in Figure 2 A, in which the response of melanophores of

the topmouth gudgeon is recorded. When MCHwas added immediately after the

melatonin treatment, a further aggregation took place, as shown in Figure 2B. On the

other hand, alpha-MSH, used as the control peptide produced a rapid dispersion of

cellular inclusions (Fig. 2C). It was thus concluded that MCHhas no ability to dis-

perse melanosomes, but is definitely pigment aggregating.

It also should be noted here that the action of melatonin was rather differential

among melanophores in many species as has already been reported in some species

offish (Reed, 1968; Fujii and Taguchi, 1969; cf., Fujii and Oshima, 1986). An exam-
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FIGURE 2. A set of recordings of the response of melanophores of the topmouth gudgeon, Psendoras-

bora parva, indicating that MCHhad no pigment-dispersing effect. The recordings were obtained on

different scales but from the same fish. The magnitude of response is expressed as the percentage of the

maximal level of pigment aggregation. In each recording, the scale was first treated with 10~
6 Mmelatonin

(MT) for 4 min. Then the perfusing medium was changed to physiological saline (A), 10~
8 MMCH(B),

ortolO-
7
MMSH(C).

pie of this differential responsiveness to melatonin is exhibited in the melanophores
of the topmouth gudgeon (Fig. 3B). On the other hand, the response to MCHpro-

ceeded quite simultaneously among the cells (Fig. 3C).

An alpha-adrenolytic agent, phentolamine, had no influence on the melanin-ag-

gregating action of the peptide. As an example of the records, the response of the

topmouth gudgeon is exhibited in Figure 4. The melanin-aggregating action of K+
,

however, was easily inhibited by phentolamine. This ion has been known to act on

chromatic neural elements around the pigment cells to release neurotransmitter

(Fujii, 1959). It was concluded, therefore, that MCHacts directly on the target cells

and not through activities of the neural elements. Although not shown in the figure,

it was further shown that a beta adrenergic blocker, propranolol, had no effect on the

action of MCH. These results further indicate that MCHacts independently of alpha

and beta adrenoceptors.

c

Photomicrographs of part of a scale isolated from dorsal part of the topmouth gudgeon,

showing the ects of melatonin and MCH. Scale bar indicates 150 ^m. A: Equilibrated in physiological

saline. Melanosomes in melanophores are in a fully dispersed state. B: 10 min after the application of

5 X 10~
7 Mmelatonin. The pigmentary organelles in some melanophores remain in a dispersed state, while

in others they have become completely aggregated in the perikarya. C: 10 min after the application of 10~
7

MMCH. Melanosomes in all melanophores are completely aggregated.
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FIGURE 4. Typical recording showing that the alpha adrenolytic agent, phentolamine (PA), did not

block the melanin-aggregating effect of MCHin the topmouth gudgeon, Pseudorasbora parva. Ordinate:

magnitude of response as percentage of the maximal pigment aggregation attained finally by 5 X 10~
5 M

norepinephrine (NE). 50 mMK+
Ringer (K

+
) was used to stimulate adrenergic neural elements around

the melanophores, and the action was shown to be antagonized by phentolamine (PA).

The melanosome-aggregating response to MCHproceeded quite normally even
in the absence of Ca ions. This is in marked contrast to the alpha-MSH action on
teleostean chromatophores, in which Ca2+ was definitely required (Fujii and Miya-
shita, 1980;IgaandTakabatake, 1982; Oshima and Fujii, 1985).

Melanophores of the European eel, Anguilla anguilla, already have been recog-
nized to be influenced only weakly by the nervous system (Neill, 1940; Gilham and

Baker, 1 984). Recently, Baker and Ranee (1983), however, indicated that their mela-

nophores were responsive to MCH. Although the species used was different, melano-

phores of the Japanese eel (A. japonicd) were found in this study to respond quite
well to MCHby pigment aggregation.

Effect of MCHon cholinergically innervated melanophores

MCHeffectively induced the aggregation of melanophore pigment in the translu-

cent glass catfish, Kryptopterus bicirrhi, and the Japanese common siluroid, Parasi-

lurus asotus, as seen in Figures 5 and 6, respectively. Both fish belong to the family
Siluridae (Siluriformes), and recently have been shown to have melanophores cholin-

ergically controlled (Fujii and Miyashita, 1976; Fujii et ai, 1982; cf. also Table I).

The action of MCHwas not inhibited by atropine, a muscarinic cholinolytic, but the

pigment-aggregating effect of K+
was completely blocked by the same drug (Fig. 5).

In addition, divalent cation-withdrawal exhibited no influence on the action of MCH
(Fig. 6).

MCH 5-1 0~
1

M

AP,
10~

6
M

50 mMu -10

5-10 M

MT.

5 mm-

10~
5 M

FIGURE 5. Typical recording showing the ineffectiveness of the muscarinic cholinolytic agent, atro-

pine (AP), in blocking the pigment-aggregating action of MCHon melanophores of the translucent glass

catfish, Krytoptems bicirrhi. Melatonin (MT; 10~
5 M) was applied finally to bring about the full level of

melanosome aggregation. 50 mMK+
Ringer (K

+
) was used for neural stimulation.
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FIGURE 6. Typical recording of the response of Japanese commoncatfish (Parasilurus asotus) mela-

nophores to MCH,showing that the pigment-aggregating effect of the peptide was still remarkable in Ca2+ -

free saline, in which the release of peripheral stores of neurotransmitter (ACh) was inhibited. 50 mMK+

Ringer (K
+

) was used for neural stimulation. Finally, 5 X 10~
5 Macetylcholine(ACh)was applied to induce

the full aggregation of melanosomes.

The relationship between the strength of MCHand the magnitude of the target

cell response in the glass catfish and the common siluroid was revealed to be dose-

dependent, as shown in Figure 1 . In both species, the threshold concentration was

estimated to be not more than 10"' M, and a response larger than 80% of the maxi-

mal one was induceable at a concentration of 10~
9 M.

Effects of MCHon melanophores possessing both alpha- adrenoceptors

and chohnoceptors

Melanophores of the mailed catfish of the genus Corydoras (Callichthyidae, Silur-

iformes) possess melanosome-aggregating cholinoceptors of the muscarinic type, not-

withstanding the fact that they are also under the control of adrenergic fibers (Kasu-
kawa and Fujii, 1 985; Kasukawa et al, 1 986; cf. also Table I). Employing a represen-

tative species from this genus, i.e., the peppered catfish (C. paleatus), we found that

MCHhad the same potent action to aggregate melanophore inclusions as it did in

other teleosteans. Neither adrenolytic nor muscarinic cholinolytic agents interfered

with the MCHeffect. Furthermore, Ca2+
-withdrawal did not affect the responsiveness

to the hormone.

DISCUSSION

Using a number of teleost species from a variety of families and orders, we have

demonstrated in the present study that MCHis very effective in bringing about a

notable pigment aggregation not only in adrenergically but also in cholinergically

innervated melanophores, and further that the mode of action of the peptide is the

very same among those pigment cells. Its minimum effective concentration was esti-

mated to be less than 10~
10 Min most teleosts, with the exception of three swellfish:

the scribbled toby, the grass puffer, and the green puffer.

Recent quantitative studies on the effects of other pigment-motor hormonal sub-

;, i.e., MSH(Fujii and Miyashita, 1982) and melatonin (Fujii and Miyashita,

1978), showed that the threshold concentration was about 10"
10 M. Our present re-

sults on MCHagree well with those data. In the above-mentioned swellfish, however,
the thre; old concentration of MCHfor inducing a discernible melanin aggregation
was estir o have an exceptionally high value of about 1 0"

8 M. Further compara-
tive studi among species of Tetraodontidae are thus required to give an adequate

explanation lower sensitivity to the hormone.

Using purified or synthetic chum salmon MCH, Kawauchi et al (1983), Wilkes
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et al (1984), and Oshima et al. (1985) have already demonstrated MCH's pigment-

aggregating action on the adrenergically innervated melanophores of a number of

teleost species. These species are the rainbow trout, Salmo gairdneri (Salmonidae,

Salmoniformes), the carp, Cyprinus carpio (Cyprinidae, Cypriniformes), the crucian

carp, Carassius auratus (Cyprinidae, Cypriniformes), the fathead minnow, Pimeph-
ales promelas (Cyprinidae, Cypriniformes), the guppy, Lebistes reticulatus (Poecilii-

dae, Cyprinodontiformes), the swordtail, Xiphophorus helleri (Poeciliidae, Cyprino-

dontiformes), the black rockfish, Sebastes schlegeli (Scorpaenidae, Scorpaeniformes),
the fat greenling, Hexagrommos otakii (Hexagrammidae, Scorpaeniformes), the ti-

lapia, Sarotherodon mossambicus (Cichlidae, Perciformes), the blue damselfish,

Chrysiptera cyanea (Pomacentridae, Perciformes), and the clingfish, Gobiesox pin-

niger (Gobiesocidae, Gobiesociformes). Incidentally, Wilkes et al. (1984) referred to

the last fish as Gobeisox, giving neither the commonname nor any taxonomical keys.

Apparently the genus name given involved a clerical error. It should have read Gobie-

sox, the genus, we confirmed, comprising the species G. pinniger which is indigenous
to the United States. In addition, Baker and her colleagues (Baker and Ranee, 1983;

Gilham and Baker, 1984) have also shown that partially purified MCHof trout

(Salmo gairdneri) origin caused pigment aggregation in melanophores of the Euro-

pean eel, Anguilla anguilla.

In addition to the above-mentioned species, we have surveyed 27 other species of

fish in this study, and found that each species' melanophores were reactive to MCH
by pigment aggregation. To date, we have not encountered any fish in which the

melanophores have been unresponsive to this hormone. From these results it may be

deduced that MCHis a physiologically functioning hormone throughout the teleost

class. As suggested by some workers (Enami, 1955; Baker and Ranee, 1983; Naito et

al., 1985), the peptide, synthesized in the hypothalamus, may be transferred to the

pituitary, wherefrom it is secreted as a hormone to blanch the integument in most

teleosts.

The mode of action of MCHon cholinergically controlled melanophores has been

studied for the first time in this work. Pharmacological analyses clearly indicate that

the melanosome-aggregating action of MCHis not inhibited by a muscarinic cholino-

lytic agent, atropine, which normally interferes with peripheral transmission to the

effector cells.

It is now known that Ca2+
is required for the release of neurotransmitters from

chromatic nerves of either adrenergic (Fujii and Novales, 1972; Takabatake and Iga,

1982) or cholinergic type (Kasukawa and Fujii, 1985). Therefore, we have tried to

test the influence of MCHin the absence of this ion. The result was that MCHexhib-

ited its potent action irrespective of the presence of Ca2+
. Incidentally, we have lately

reached the same conclusion on adrenergically controlled melanophores (Oshima et

al, 1985). In reconfirming that conclusion, we found that in cholinergically inner-

vated melanophores the action of MCHis mediated through the specific receptors

for MCH.
During the same period of time, it was noted that the differential responsiveness

to melatonin seen among the melanophores of individual animals or on isolated

pieces of skin may be responsible for the formation of the characteristic color pattern

seen in the pencil fish Nannostomus (Reed, 1 968), and possibly in some other teleosts

(Fujii and Taguchi, 1969; Fujii and Miyashita, 1978; cf. also review by Fujii and

Oshima, 1986). During the present investigation, we also found that the responsive-

ness to melatonin was actually very differential among melanophores distributing,

for instance, over an isolated scale of the topmouth gudgeon. In contrast, MCHin-

duced much more even responses among cells in most fish species. Therefore, we
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assume that MCHserves as a color change hormone whose action counteracts that

of alpha-M* . In preliminary experiments on the zebra danio, topmouth gudgeon,

and the gl; cattish, we examined the response of melanophores to solutions contain-

ing both pha-MSH and MCH.Whenthe strengths of both hormones were approxi-

mates equal, a moderately aggregated state of pigment could be maintained in the

melanophores. It is still uncertain, however, to just what extent MCHtakes part in

actual physiological color changes in teleosts. For a full understanding of the role of

the peptide, quantitative analyses, such as correlated measurement by radioimmuno-

assay of plasma MCHlevels and reliable assessment of integumental chromatic reac-

tions in vivo, should be performed.
The individual membranes surrounding teleost melanophores are endowed with

a number of ligand receptor species which mediate pigment movements within the

cell (Fujii and Oshima, 1986). They include at least those for MSH(Fujii and Miya-

shita, 1982), melatonin (Fujii and Miyashita, 1978), alpha- (Fujii and Miyashita,

1975), and beta-adrenergic amines (Miyashita and Fujii, 1975), and for adenosine

(Miyashita et al, 1984). The receptors for MCHnow may be added to this list. Al-

though not all of the above-mentioned receptors are always present in a single mela-

nophore of a certain species of animal, very frequently many of them do exist, each

carrying out its individual function (Fujii and Oshima, 1986). Weknow of no other

instance among effector cells in which so many kinds of receptors exist and function

to regulate the cells' motile responses. Representing a remarkable instance of posses-

sion of so many kinds of receptors, therefore, the fish melanophore may prove useful

in studying the mechanisms by which many or large numbers of input signals are

integrated into a simple vectoral movement of pigmentary organelles.

That so many receptor sorts are at work seems to signify the necessity for subtle

and delicate regulation of the chromatophores for animals living in their habitat. If

we remind ourselves of the fact that the color changes and color patterns displayed

by animals are very important in their strategies for survival, the situation can even

more easily be understood.

Wehope that our present comparative studies at the cellular level will be of some
use not only for further understanding of the cellular mechanism of hormonal action,

but also for comprehension of the above-mentioned organismal phenomena of both

ethological and ecological interests.
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